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Since the structure of inathematics sklJLls is hierarchical in nature, 
students' acquisition of a particular mathematics skill is contingent, 
upon thd^ir repertoire of prerequisite skills. Therefore, assessment .of 
student acquisition of prerequisite skills prior to introduction of a 
higher skill is of particular importance in mathematics learning. 

Within the. hierarchical framework of mathematics the primary function 
of assessment of learning should be to feedback relevant data for appropri- 
ate cycling of instruction. The current status of program development in 
most existing mathematics textbooks does not provide for teaching-assess- 
men t--re teaching cycles in any systematic way. Student acquisition of 
mathematics skills is assessed at the end of a chapter of instruction (once 
in every 15-20 instruction days) , with little systematic provision for 
follow-up. As a consequence, assessment as it is ordinarily provided in 
mathematics programs plays a minor role in instructional decision making. 

This paper describes the initial activity of a te^ of SWRL staff members 
in designing and developing a system of criterion referenced assessment- 
reteaching cycles for textbook supported mathematics instruction for the 
IHii^ose of enhancing mastery of mathematics skills. 

PRECYCLE FEATURES OF THE SYSTEM 
Precycle features of the System set the stage for cycling instruction 
by (i) identifying explicitly the mathematics skills to be acquired and (ii) 
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\ ^ determining whether the intended skills have been acquired. Primary activi-, 

ties and procedures' involved are as follows: 

•1. The content of a mathematics Ltixtbook is analyzed into a series 
of instructional outcomes. The outcomes are fu'i^har subdivided 
Into performance modes-i^e., intermediary instructional models for 
^ the acquisitvo\. ■-wl.' u t...Jt^. • 'VGee Appendix A) 

2. The instructional outcomes and perfotmAce modes are 
'catagorizcd into major skill areas, such as: Numbers, 
Addition/Subtraction, Multiplication/Division, Geometry, 
Measurement, etc. The resulting "map" displays the linear 
development of each major skill in the Program. 'Of partic- 
ular interest are the "spirals" of a skill. Such a map „ 
greatly facilitates the selection of skills for assessment 

since 407.-507^ of the skills in a program are extensively re- 
developed in the succeeding level . 

3. To achieve effective and manageable teaching-^ssessment-ret caching 
cycles, serially listed instructional outcomes and performance 
modes from each chapter of the textbook are divided into 2-4 Learning 
Mastery System (LMS) Units. The scope of each Unit is determined 

by two criteria: 

a. Content homogeneity-a high degree of relationship between 
major outcomes. 

I)* Sequence dcpth-a feasible number of major outcomes to be 

acquired over limited instruction time (5-10 Instruction days). 
(See Appendix B) 

4. Using the '^map/' two-three major outcomes and perfonnance modes arc 
identified in each LMS Unii:. (See Appendix C) 



5. An Entry Skills Check is developed for each LMS iJnit where prior 
acquisition of important prerequisite skills is assumed. (See 
Appendix D) . 

6. A Criterion Exercise is developed for each LMS^Unit. It is 
designed to assess student acquisition of the major outcomes 
identified for the Unit. A Criterion Exercise consists of 
several sections* Each section represents one major outcome 

and consists of six multiple choice items including an exemplar. 

< 

The Criterion Exercise is administered immediately after comple-- 
tlon of regular instruction in a Unit. (See Appendix E) 

PARACYCLE FEATURES OF THE SYSTEM 

t 

Paracycle features of the System provide appropriate follow-up 
activities to enhance pupil acquisition of mathematics skills. Cycling 
of instruction occurs as student scores on the Criterion Exercise indicate 
varying needs for practice activities on one or more major outcomes tested. 

Primary activities and procedures involved in the paracycle features of 

the System are as follows: 

A three-stage Practice Exercise is designed and developed for 
differential needs of students as indicated by their Criterion Exercise 
scores. Each stage of the Practice Exercise consists of several sections 
each of which corresponds to a section on the Criterion Exercise. (See 
Appendix F) 

1. The first stage — Supplemental Exercise--provides an opportunity 
for structured practice on skills that should Ijiave been acquired 
enroute to achieve the outcome tested on the Criterion Exerqi.se. 
Items represent a gradient from introductory, to intermediate, 
to terminal outcomes. The last few items in each section are 

V 



parallel to the test items in the correspondiug section of the 
Criterion Exercise^ . . ; ^ 

2. The second stage-r-p,eview Exeft:ise--provides an opportunity to 
reinforce the acquisition of skills assessed in the Criterion 
Exercise for pupils whose scores -were near criterion* The items 

^ are essentially parallel to the test items in the corresponding 

sections of the Criterion Exercis^e. 

3. The third stage — Ex tens io*. Exercise — is designed for tise by 
students whose Criterion Exercise scores^were satisfactory. 
Activities in this e^cercise extend outcomes and performance 
modes assessed in the Criterion Exercise to a more challenging 

. context. 

Guidelines for assigning j. practice exercises are usually recommended 
as follows: 

Pupils scoring 1 or 2 answers correct on ANY section of the Cifitcrion 
Exercise are assigned the CORRESPONDING section of the Supplemental Exercise. 

Pupils scoring 3 answers correct on ANY section of the Criterion 
Exercise are assigned, CORRESPONDING section of the Review Exercise. 

Pupils scoring A' or 5 answers correct on ALL sections of the Criterion 
Exercise are assigned the Extension Exercise. 

INTEGRATING FEATURES OF THE SYSTEM 
. The integrating features of^ the system consist of materials and 
procedures which coordinate all the components involve^ In the instruction, 
1. An Activities and Materials Guide coordinates instructional 

components of the textbook raferenced program with LMS components • 
It provides the following information for each LMS Unit: 
a« major instructional outcomes 
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b. an outline of the instructional sequence 

c. Criterion Exercise section for each major outcome assessed* 

d. corresponding textbook and workbook pages 

e. suggested completion time 

f . specific instructions for the administration- of the IMS 
components 

g. answers to Criterion and Practice Exercises (See Appendix G) 

2. A Criterion Exercise Record Sheet to record Criterion Exercise 

Scores for each LMS Unit. It amounts to an achieveraent profile 

for each student across major rilathematics skill areas. (See 

>• ^ 
Append! : H) 

3. A Teacher's Manual provides useful information to the teacher for 
effective implementation of the System. 

a7 It presents a rationale for use of the Learning Mastery 
Systera and describes the major system characteristics. 

b. It describes all the components involved in the System. 

c. It explains the procedures fof- the effective use of the 
^ ' components . 

d. It provides answers for anticipated questions on salient 
features of the System. 

1973-4 LMS-MAIH TRYOUT RESULTS 
The LMS-Math materials for Grades K-3 were installed in the Los 

« 

Angeles, Orange, San Diego, and Sacramento School Districts in September, 
1973, Initial feedback from 222 classes was received after 2-3 months.- 
Teachers" classify into five groups on the basis of their initial reaction - 
to tae System. 
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GROUPS FREQUENCY 

1. Teachex-'s who favor the System with no suggestions for. . . • • • 80 
improvement 

2/ Teachers who favor the System with one or more 69 
suggestions for improvement 

' 3. Teachers who express mixed feelings about the System 33 

4. Teachers who are uncertain about the usefulness of the . . . . • 22 

System but acknowledge one or more advantages 

5. Teachers who think that the System is not useful 18 

222 

Teachers' comments are summarized below: 

COMMENTS • '{ FREQUENCY 

The System helps in grouping/individualizing instruction • • « • 131 

The System helps in* assessing mastery of mathematics skills. . - 119 

The System demands tox> much time for management and/or'. . . . 41 
record keeping 

Criterion -Exercise formats do not match the instruction 38 

Practice Exercise formats do not match the inst. ction 15 

Practice ctivitie& are insufficient .... 9 

Instruction slows down • ........ 8 

The print is too small 6 

Individualized Criterion Exercise Record Shec is recommended. . 4 

Wording does not match with student, text 4 

Extension Exercises are too difficult. • 3 

Revisions are currently undervray to remedy or reduce noted 
deficiencies. 
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APPENDIX* 



*nic content of Appendix A-C has been derived from Modern School 
Ma thcnntics : Structure and Use ', Level 2, Chapter 9, Houghton and Mifflin 
Company, IV67. 
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APPENDIX B 

ENTRY SKILLS CHECK 



NAMK. 



SECTION A 

NAME THE MISSING ADDENDS 



77 
- 3 



98 
- 5 



SECTION B 

NAME THE MISSING ADDENDS 



26 
14 



57 
-35 




88 
7 



38 
-26 



BEST COPY AVAIUBU 

BOOK 2 
LMS UNIT 9A 



25 


46. 




• 39 


65- 


- 3 ' 


- 5 




- 4 


- 5 




• 








n 





f. 



99 

- 9 



49 
12 




88 

/ • -44 



97 
-63 - 



69 
-46 



99 
-66 



Appendix e 
V. CRitERION EXERCISE 



BEST COPY mibm 



NAME. 



BOOK 2 
LMSUNIT9H 



• MARK THE MISSING NUMERAL 


374 = 300 + + 4 


• 

186 « +80+6 


520 - 500 +• 20 + 


37 


4 

7 


X 


74 


1 


10 


100 


18 


2 


20 


• 

520 


0 


..200 + 80 + 3 = 


800+60+0 - 


700 + 0 + 9 = 


203 


803 


ft 

283 


208 


600 


• 806 


800 


860 


70V 


790 


■ 79 


16 



MARK THE SUM 




243 
+ 125 






• . 556 
+ 342 






. 704 
+ 245 


























268 


378 




366 


214 


898 


888 


* 

878 


744 


709 


•909 


949 






444 
+ 222 






750 
+ 208 






345 
+ 543 




























222 


666 


777 


000 


958 


758 


•708 


950 


555 


845 


.848 


8S8 
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SECTION 3 



No. correct 



MARK THE MISSING ADDEND 



749 
- 216 



335 



433 



334 




478 
- 132 



334 



346 



444 



619 
- 203 



333 



406 



616 



416 



824 
300 



500 



324 



524 



777 

444 



624 I 222 



232 



323 



333 



978 
- 423 



455 



555 



545 



APPENDIX 

PRACTICE EXERCISE 

REVIEW 



NAME. 



BOOK 2 
LMS UNIT 9 H 



SECHON 1 

WRITE THE NUMERALS 



142 = 


'100 


+ 


40 + 


200 


+ 


50 




2 


365 = 


300 


+ 


+ 


700 


+ 


20 


+ 


7 = 


594 = 




+ 


+ 


500 


+ 


50 


+ 


5 - 


977 = 




+ 


+ 


900 


+ 


00 


+ 


1 = 


408 = 




+ 


+ 


800 


+ 


30 


+ 


4 = 



SECTION 2 

WRITE THE NUMERAL 



235 
+ 123 

726 
+ 273 



464 
+ 235 

685 
+ 213 



851 
+ 1?6 

243 
+ 654 



650 
+ 328 

508 
+ 301 



SECTION 3 

WRITE THE NUMERAL 

648 884 
- 527 - 643 



407 
-104 



839 
-513 



795 
462 

666 
456 



547 
203 

784 
731 



ERIG 



555 

+•333 

324 
+ 465 



986 
352 

978 
643 



SUPPLEMKNTAL 



NAME 



SECTION 1 












WRITE AN EXPANDED OR COMPACT NUMERAL 






= 






39 


=• + 


• 


67 = 


+ 


7 


72 


^ + 




51 = 


• 

+ 


1 


91 






84 = 


80 + 








0 


AO = 


40 + 

• 




• 




Q 


WRITE AN EXPANDED OR COMPACT NUMERAL 

» 




• 


326 " 300 


+ 20 




Oo/ 


+ 


+ 


564 - 50*0 


+ 




01 Q 
LXO 


+ 


+ 


182 = 


+ 80 


+ 2 


933 = 


1 


■ 

+ 


490 = 400 


+ 90 


+ 


4 


600 + 


20+5 


222 - 200 


+ 


+ 




100 + 


80 + 8 


SECTION 2 










• 


WRITE THE SUMS 










5 . 


4 


2 


3- 


4 


8 


+ 3 


+ 5 


+ 7 


+ 6 


J. 1 

+ 3 


+ 0 


12 


34 


41 


75 


55 


34 


+ 33 


+ 25 


+ 34 


+ 24 


+ 33 


+ 43 


/f 




1 
1 


• 
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WRITE THE NUMERALS 



.hundreds! 


tens] 


ones hundreds 


tens 


ones hundreds 


tensi ones 


2 

+ 3 


4 
2 


7 4 

1 + 3 


8 
1 


2 ^ 7 
6 '+ 2 


5 
3 


3 
6 


S & i 


hundreds 


tens 


ones hundreds 


ten? 


ones hundreds 


tens 


ones 


6 

+ I 


4 

3 ■ 


2 • 1 
0+2 


8 

1 ■ 


3 4 

6 • +4 


4 
4 


4 
4 



SECTION 3 

NAME THE MISSING ADDENDS 



9 
2 



7 
4 



8 

- 5 



6 

- 5 



4 

4 



9 
6 



24 
13 



47 

-25 



68 
-32 



85 
-51 



97 
34 



59 
25 



/f 

WRITE THE NUMERALS 



hundreds 


ten's 


ones hundreds 


tens 


ones hundreds 


tens 


ones 




6 


5 3 


7 


8 7 . 


8 


5 


- 2 


4 


1 -2 ■ 


5 


6 -3 


4 


1 



z ^ 



675 
-432 



781 
-430 



EXTHNSION 



NAME. 



SECTION A 

USE ANY THREE. OF THE NUMERALS TO NAME 

4 7 1 



6, 



The largest number pessibie 

The number closest to the largest number 

The smallest number possible 

The number closest to th.e smallest number 

Three num.bers larger than 600 and less than 620 



SFXTION B 

WRITE THE MISSING NUMERALS 



346 
+ 532 



542 



8lS 



45 7 
+ D3D 

708 

754 
-213 



895 

527 
+ 3D1 

□5a 

65 9 



+ 456 
869 

6 30 
+ 2D4 

□7 9 



235 



-573 
222 
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CO 




CO 
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